Augmented reality is defined as a technology in which real world and virtual objects are combined with a simultaneous interaction. The aim of this study is to determine the effect of augmented reality use on students' achievement, misconception and course engagement. A (matched) quasi-experimental research design with both pretest and posttest control groups was used in the study. The sample of the study consisted of 118 seventh grade students receiving education in six different classes. The students in the experimental group took their lessons with an augmented reality learning material, while the students in the control group continued using their traditional course materials. An achievement test, a misconception test and the student course engagement questionnaire were used as data collection tools. As a result of a 7-week implementation, this study found that augmented reality technology increased the achievement level of students and eliminated their misconceptions. However, the study also found that augmented reality technology did not affect the course engagement of students.
Introduction
The use of technology is recognized as an important part of education. It is recommended as a solution in enabling effective learning at schools (Seferoglu, 2009) . Studies showed that the use of technology in education increases the achievement levels of students, offers a meaningful learning tool by attracting students' attention to course content, and makes the learning process active and effective (Sumadio & Rambli, 2010) . The rapid development of technology has resulted in materials used for educational purposes to be updated and renewed constantly. Interactive boards, simulation software, and virtual reality environments are now being used, in addition to chalkboards and experiments in laboratories.
Virtual reality is defined as a three-dimensional (3D) technology that provides interaction simultaneously with movements made by the user while in a virtual environment. The virtual environment is a setting created by the computer technology that is perceived as real by the users during the experience (Hartma & Bertoline, 2005) . Although virtual reality and virtual environments offer rich learning experiences, they also have some disadvantages. First of all, their complete virtuality poses an obstacle for learners to form a natural and physical interaction. In their study, Matcha and Rambli (2013) stated that the use of technology in education decreases the communication and interaction between and among students. They also stated that the use of tools that enable students to physically interact with each other can solve the above-mentioned problem. Moreover, the complete lack of reality in virtual environments is also a serious shortfall. It is thought that this may have negative effects on the cognitive development of individuals (Piaget, 1976; Vygotsky, Hanfmann & Vakar, 2012) . These disadvantages led researchers to discover new tools which can be utilized in educational environments. One of these recent tools is augmented reality (AR).
Augmented Reality and Its Use in Education
Augmented reality (AR) is defined as a technology in which real world and virtual objects are combined with a simultaneous interaction (Azuma, 1997) . As understood from this definition, AR can be considered as a developed form or derivation of virtual reality (Azuma, 1997) . However, it is stated that AR has two important advantages, compared to virtual reality. One of these advantages is that the users in AR can interact simultaneously with virtual objects in the real environment. The second one is that AR encourages students to participate actively in forming their own knowledge base and provides them with the opportunity for concrete interaction (Ibili, 2013) .
Although AR has been used in other fields for a long time, it is observed that studies about its usability and potential have only recently begun to be conducted in educational settings (Akcayir & Akcayir, 2017; Fleck, Hachet, & Bastien, 2015; Ibáñez & Delgado-Kloos, 2018; Vilkoniene, 2009; Wu, Lee, Chang, & Liang, 2013) .
As well as being easy to use, AR has succeeded in attracting attention in terms of its use in education, thanks to its pedagogical benefits. It is observed that AR tools are used by a broad range of participants, from pre-school students to post-graduate students and teachers in a wide range of fields, from literacy education to astronomy education. The AR studies conducted in different fields can be seen in Figure 1 . Such an intensive use of AR in a short time provides insight about the potential that AR technology offers for educational environments. Studies have reported the advantages provided by the use of AR in educational environments (Figure 2) . A study conducted by Schrier (2006) emphasized that AR has a potential to develop skills which are expected from today's learners, such as problem solving, group work, versatile assessment and understanding different perspectives. As seen in Figure  2 , the use of AR in educational environments has many advantages. However, it can be stated that the most important advantage offered by AR is to integrate the contributions made by virtual environments with the reality of the classroom. AR includes all these advantages in simulations and in the real environment in which we exist, which is superior to virtual reality. Therefore, it enables students to be involved actively in a natural and simultaneous interaction with the real environment and with virtual objects (De Ravé, Jiménez-Hornero, Ariza-Villaverde &Taguas- Ruiz, 2016; Sin & Badioze Zaman, 2009; Zimmerman, Land & Jung, 2016 ). It appears that AR can be used as an effective tool for students to reach their learning goals (Hsu, 2017) . 
Problem Description and Research Questions
AR technology provides an important visualization opportunity in educational environments. Three-dimensional lesson contents can be developed by using the AR technology. Threedimensional lesson contents provide students with the opportunity to examine objects with features such as location, angle, rotation, and turning (Shelton & Hedley, 2002; Shelton & Stevens, 2004) . Thanks to AR, environments which cannot be created under real world conditions (Kerawalla et al., 2006; Shelton & Hedley, 2002; Yuen et al., 2011) and dangerous experiments (Eursch, 2007; Wojciechowski & Cellary, 2013) can be taught safely. These advantages make AR an important tool for teaching abstract concepts. Science is one of the fields on which AR studies have concentrated because it includes numerous abstract concepts (Karal & Abdusselam, 2015) . Astronomy is one field of science that includes many abstract concepts. Being a major part of science education (Chen, Yang, Shen, & Jeng, 2007) , astronomy is a field that enables students to acquire the skill of thinking logically and accurately. Goncu (2013) stated that students receiving astronomy education can acquire information through comprehending it, not memorizing it because they can think multi-dimensionally. Moreover, learning abstract astronomy concepts accurately fosters the development of perception and comprehension skills, and paves the way for students to learn other abstract concepts more easily (Turk, Alemdar, & Kalkan, 2012) . However, misconceptions about astronomy subjects among students at different educational levels were observed in studies conducted on astronomy, which has these important features (Chiras, 2008; Cin, 2007; Ozturk & Doganay, 2013; Parnafes, 2012) .
One of the reasons why misconceptions develop about astronomy subjects is that learning materials appropriate to the cognitive abilities of middle-school students are not used. The ability to comprehend three-dimensional dynamic objects and appropriate cognitive abilities need to be developed in order to understand three-dimensional astronomical concepts (Aktamis & Arici, 2013; Heywood, Parker, & Rowlands, 2013) . However, children in middle school learn about concrete matters more easily because the mental development of children progresses from concrete to abstract during this period. Even though the concepts such as space, dimension, and volume begin to develop in children during this period of concrete operations, their misconceptions remain; they can understand these concepts only during and after the period of abstract operations (Piaget, 1976) . Therefore, learning tools which concretize abstract concepts are needed in order to enable students to understand threedimensional astronomy subjects (Sun, Lin, & Wang, 2010) .
Learning materials such as two-dimensional text, pictures, diagrams, video and animation remain inadequate in the education of three-dimensional astronomy subjects (Chen et al., 2007; Shelton & Hedley, 2002) . Textbooks used for this purpose also result in students having misconceptions (Yagbasan & Gulcicek, 2003) . Misconception, which is regarded as a serious obstacle for student achievement (Goncu & Korur, 2012; Yagbasan & Gulcicek, 2003) , leads individuals to encounter serious problems in their educational, professional and daily lives. It is thought that the use of AR learning tools in astronomy education has a positive effect on student achievement, and in removing misconceptions due to its visualization property. Student course engagement is necessary for a successful learning process. Course engagement is defined as the active participation of students in learning activities in their classes (Skinner, Kinderman, & Furrer, 2009 ). Course engagement is regarded as an important indicator of student achievement (Handelsman, Briggs, Sullivan, & Towler, 2005) . It is believed that a low level of course engagement may have negative effects on course performance and the learning process (Wang, Bergin, & Bergin, 2014) . Therefore, researchers are conducting studies on methods and tools that may be able to increase the students' level of course engagement. AR is considered an effective tool that can be used for this purpose. Studies have reported that the use of AR technology in courses may have a positive effect on students' engagement (Abdusselam & Karal, 2012; Dunleavy et al., 2009) . Although studies reporting about AR technology and course engagement are available in the literature, (Cai, 2013; Delello, 2014; Yusoff & Dahlan, 2013) which are in addition to the above-mentioned studies, the limited number of studies which test the effects of using AR on course engagement bears attention.
It is thought that visualization offered through the use of AR learning materials in the study of astronomy positively affects the achievement, and course engagement, and helps decrease the misconception of students, through the means of learning tools such as natural and physical interaction. Similar studies are needed to determine the effects of AR applications and create better environments. It is thought that the findings of these studies will offer an insight to both researchers and practitioners. Studies on the use of AR in astronomy studies were found to generally be conducted as screening studies for developing systems, or for determining the opinions of users. It is thought that this study will contribute to the literature because it is an experimental study addressing different variables in terms of the use of AR learning material in astronomy education.
This study, which focused on the effect of the use of AR on the achievement, misconception and course engagement of students, sought answers to the following questions:
 Does the use of augmented reality learning material make a significant difference regarding the achievements of students?
 Does the use of augmented reality learning material make a significant difference regarding the misconceptions of students?
 Does the use of augmented reality learning material make a significant difference regarding the course engagement of students?
Method

Study Design
A (matched) quasi-experimental research design with pretest and posttest control groups was employed in the study. The random assignment method was not used in this research design. In this design, attempts are made to match two of the available groups in terms of certain variables. The matched groups are assigned randomly to the operation groups (Buyukozturk, Kilic Cakmak, Akgun, Karadeniz, & Demirel, 2008) .
Study Group
The study group consisted of 118 seventh-grade students receiving education in six different classes. After the classes were matched based on the students' achievement levels in the Science and Technology course, overall achievement averages and according to teachers' opinions, the students were randomly assigned to experimental and control groups. Therefore, the experimental group consisted of 62 participants (31 females and 31 males) and the control group consisted of 56 participants (31 females, 25 males).
Data Collection Tools
An achievement test, a misconception test and the student course engagement questionnaire were used as data collection tools. Goncu (2013) was used in the present study. The questions in the first phase of the test include options which contain 1 correct understanding and 2 misconceptions in terms of the relevant acquisition. The second phase includes options which also contain the reasons for the options which were given in the first phase. The third phase includes the options, "I am sure" and "I am not sure", asking students to report whether they are sure or unsure about the answers that they had given. The four subject matter experts were asked for their opinions on the misconception test, which consisted of 15 questions with three phases. These experts decided that an additional phase should be added in which students could explain the reasons for their answers, using their own words. The item analysis of the test consisting of 4 phases was performed by administering it to 93 eighth grade students, and its KR-20 reliability coefficient was calculated as 0.79.
Student Course Engagement Questionnaire:
The Student Course Engagement Questionnaire was used in the present study. The questionnaire was developed by Handelsman et al. (2005) to determine the engagement of students in the Science and Technology course, and the validity and reliability study of its Turkish version was performed by Gurer (2013) . The original questionnaire developed by Handelsman et al. (2005) consists of 23 items and 4 factors (skills engagement, emotional engagement, participation/interaction engagement and performance engagement). However, the adaptation study conducted by Gurer (2013) found as a result of analysis that the questionnaire consisted of 21 items and 3 factors (skills engagement, interaction/performance engagement and emotional engagement). The Cronbach's Alpha reliability coefficient of the questionnaire with a 5-point Likert type scale was calculated to be 0.91.
Learning Material
A marker-based AR application, which was developed by Sirakaya (2015) and called "UzayAR", was used in the present study. The basic aim of UzayAR is to display the space environment, which teachers and students cannot display or concretize in their mind in three dimensional form due to various physical barriers in the real world. Two subject matter experts, two Science and Technology teachers and three technical field experts were asked to give their opinions regarding the development process of the UzayAR. The UzayAR application, which was developed using the Unity3D game engine, can be used in portable devices with the Android operating system. UzayAR includes 22 different AR activities. The screenshots of UzayAR are given in Figure 3 .
Pilot Testing and Original Implementation Process
To eliminate the possible impact of newly introducing the application by enabling students to have more learning experience with AR learning materials, it was decided that the pilot testing of the study would be conducted with the students in the experimental group. For this purpose, an AR application called AtomAR was developed for the unit on the Structure and Properties of Substances by asking for the opinions of two Science and Technology teachers. At the end of the pilot testing, which lasted for 2 weeks, various precautions were taken to eliminate the cause of troubles which were observed during the testing.
The implementation process consisted of pilot testing (2 weeks), conducting pretests and posttests (1 week) and the original implementation (4 weeks), lasting for 7 weeks in total. The tablets, which were used by the groups that included two or three students during the implementation process, were provided by the researcher. The samples photos taken during the implementation can be seen in Figure 4 . 
Findings
First of all, whether the required assumptions were ensured or not was checked to use the parametric tests for the data analysis. It was decided that the parametric tests could be performed because the sample size was larger than 30 (Roscoe, 1975 as cited in Buyukozturk et al., 2008) and the data showed normal distribution. The skewness-kurtosis coefficient within the range of ±2 (George & Mallery, 2010) and the examination of the Q-Q plot graphs (Buyukozturk, 2007) were taken as a basis to test the normal distribution.
Findings about Student Achievement
Independent sample single-factor analysis of variance (ANOVA) was performed to determine whether the pretest achievement levels of the students in the experimental and control groups showed significant differences from each other. These analyses showed that there was a significant difference between the pretest achievement mean scores in favor of the experimental group [F (1-116) =7,447, p>.01].
A dependent samples t-test was performed on the achievement scores the students obtained from the pretest and posttest in order to test the effects of the AR learning materials on the achievement levels of students in the experimental group, and of the traditional course materials on those of students in the control group. The results of this test are shown in Table 1 . The examination of Table 1 shows that the achievement scores of the students in the experimental group using the AR learning materials, and of the students in the control group using the traditional course materials increased. The analysis of this increase in the mean achievement scores by dependent samples t-test showed that there was a significant difference in favor of posttest in the experimental group (t(61)= -7.341, p<.01), while the increase which occurred in the control group was not statistically significant (t(55)= -1.780, p>.01). This finding can be interpreted as follows: Traditional course materials were inadequate in increasing students' achievement levels, whereas the AR learning materials had a positive effect on the students in terms of increasing their achievement levels.
Because the analyses conducted for the pretest scores of the experimental and control groups found that there was a significant difference in favor of the experimental group, single-factor analysis of covariance (ANCOVA) was performed to determine whether the change in the posttest scores, which were adjusted according to the pretest achievement scores, was significant or not. The students' posttest mean achievement scores which were adjusted according to their pretest achievement scores and the ANCOVA results are shown in Table 2 . According to the ANCOVA results as indicated in Table 2 , there was a significant different between the experimental group using the AR learning material, and the control group using the traditional course materials, in terms of their posttest achievement scores, which were adjusted according to their pretest achievement scores [F(1-115) = 18.477, p<.01). Considering all of these findings, it can be stated that the use of AR learning materials positively affected the students' achievement.
Findings about Misconception
According to pretest results, an ANOVA test was carried out to determine whether or not the number of misconceptions observed among the students in the experimental group and in the control group were significantly different from each other. The analysis showed that the difference between the pretest mean numbers of misconceptions was not significant [F (1-116) =2.884, p<.01]. This finding can be interpreted as follows: the students in the experimental and control groups had misconceptions about the topic in similar numbers at the beginning of the process, and in this respect, they were equivalent to each other at the beginning of the process.
A dependent samples t-test was completed regarding the misconception numbers the students obtained from the pretest and posttest in order to test the effects of AR learning materials on the misconceptions of students in the experimental group, and of the traditional course materials on the misconceptions of those in the control group. The test results are shown in Table 3 . According to Table 3 , it was observed that the numbers of misconceptions in the experimental group using the AR learning material decreased. Also, the fact that the misconception numbers of students in the control group using the traditional course materials did not decrease draws attention. The analysis of this change in the numbers of misconception through examination of dependent samples from the t-test showed that there was a significant difference in favor of posttest in the experimental group (t(61)= 8.658, p<.01); whereas, the change in the control group was not statistically significant (t(55)= -.280, p>.01). This finding can be interpreted as follows: The traditional course materials were inadequate in eliminating students' misconceptions, whereas the AR learning materials had a positive effect on reducing students' misconceptions.
An ANCOVA test was used to analyze the change in the mean misconception numbers of students before and after the implementation. The posttest mean misconception numbers of students in the groups, which were adjusted according to their pretest misconception means after the implementation, and the ANCOVA results are shown in Table 4 . As seen in Table 4 , there was a significant difference between the students in the experimental group using the AR learning materials and of those in the control group who used the traditional course materials, in terms of their posttest misconception numbers. These numbers were adjusted according to their pretest misconception means [F (1-115) = 29.272, p<.01). Considering these findings, it can be stated that the use of AR learning materials in lessons had a positive effect on eliminating the students' misconceptions.
Findings about Course Engagement
An ANOVA test was conducted to determine whether the course engagement of students in the experimental and control groups showed a difference according to pretest results. The analyses showed that the difference between pretest course engagement total mean scores was not significant [F (1-116) =.917, p<.01]. This finding can be interpreted as follows: The students in the experimental and control groups had similar characteristics in terms of course engagement at the beginning of the process and therefore, they were equivalent to each other.
A dependent samples t-test was carried out on the course engagement scores of students, which were obtained from the pretest and posttest, to analyze the effect of AR learning materials and the traditional course materials on the course engagement of students in the experimental group and in the control group, respectively. The test results are shown in Table 5 . The examination of Table 5 shows that the course engagement scores of students in the experimental group using the AR learning materials and in the control group using the traditional course materials increased. The dependent samples t-test used to analyze this increase in terms of the experimental and control groups showed that this increase in both the experimental group (t (61) = -1.732, p>.01) and the control group (t (55) = -.640, p>.01) was not statistically significant. This finding can be interpreted as follows: The AR learning materials and traditional course materials did not have any effect on the course engagement of students.
An ANCOVA test was employed to analyze the change in the course engagement scores of students before and after the implementation. The posttest course engagement means which were adjusted according to the pretest course engagement means, and the ANCOVA results are shown in Table 6 . As seen in Table 6 , there was not a significant difference between the students in the experimental group using AR learning materials and of those in the control group using the traditional course materials in terms of their posttest mean scores adjusted according to their pretest mean scores [F(1-115) = 1.074, p>.01). This finding can be interpreted as follows: The AR learning material did not have any effects on the course engagement of students.
Discussion and Conclusion
According to the achievement test findings, it was concluded that the students in the experimental group were more successful than those in the control group. This result indicates that the AR learning material can be effective in increasing the achievement level. Similarly, many studies in the literature found that AR-supported teaching increased the achievement levels of students (Abdusselam & Karal, 2012; Fleck & Simon, 2013; Shelton & Hedley, 2002; Sin & Zaman, 2010; Vilkoniene, 2009; Wang, 2017; Yen et al., 2013; Zhang et al., 2014) . It is thought that the advantages provided by the use of AR technology in education caused this result. One of the abovementioned advantages is that AR technology increases students' interest and attention levels (Cai et al., 2017; Delello, 2014; PerezLopez & Contero, 2013; Tomi & Rambli, 2013; Yen et al., 2012) . It is assumed that the sharp image and realistic quality of AR learning material is effective in drawing students' attention. Considering the fact that students have very little opportunities to make observations about astronomy subjects, it is obvious that realistic space images trigger students' curiosity. Fleck et al. (2015) and Rosenbaum et al. (2006) stated that AR applications can help achieve a sense of reality. Students who used AR learning material for the first time may be affected by the realistic space images that they encounter, and they may begin to show interest and direct their attention to the course.
It is assumed that attracting students' interest and attention to their course subjects is an important factor in helping them to be more successful in their studies. Another advantage of AR technology is that it enables students to play a more active role in their lessons, and ask more questions (Delello, 2014; Zhang et al., 2014) . Playing an active role and asking their teachers more questions about the course may help students achieve a deeper knowledge of the subjects. It is certain that the most general advantage that AR technology has for educational environments is that it is an effective support tool which can be used in the learning and teaching process (Fleck & Simon, 2013; Hsu, 2017; Medicherla et al., 2010; Núñez et al., 2008; Perez-Lopez & Contero, 2013; Sin & Zaman, 2010; Tian et al., 2014) . Thanks to its abovementioned advantages, AR technology can play a critical role that facilitates learning in educational environments. It can be stated that with all of these features, the use of AR technology in education removes serious obstacles to students' achievements. The fact that the students in the experimental group who used the AR learning material significantly showed higher levels of achievement can be considered the result of the important advantages gained through the use of the AR applications.
The present study found that the students in the experimental group had fewer misconceptions than those in the control group. This result indicates that the AR learning material can be effective in eliminating the misconceptions of students. There are a lot of studies available in the literature which support this result (Fleck et al., 2015; Fleck & Simon, 2013; Kerawalla et al., 2006; Rosenbaum et al., 2006; Shelton & Hedley, 2002; Tian et al., 2014; Yen et al., 2012) . The astronomy subjects generally include abstract concepts. Therefore, astronomy is one of the science subjects which are difficult for students to understand and perceive at a conceptual level (Turk et al., 2012) . In order to learn concepts of astronomy, students need to envisage features of celestial bodies, such as their comparative sizes, the ratio of distance between them, their spatial location, and their geometric shapes. However, it is impossible for most groups of learners to grasp these concepts because of the cognitive stages that students undergo (Cai et al., 2014; Fleck et al., 2015) . Moreover, it is not possible for students to learn astronomy events by observing or making an intervention, and seeing the results. For these reasons, certain tools are needed to help students learn complex astronomy subjects (Chen et al., 2007; Shelton & Hedley, 2002) .
It is believed that AR learning material is an effective tool in teaching astronomy subjects which include complex spatial relationships. The examination of literature shows that AR applications which enable students to make direct observations (Kerawalla et al., 2006; Sin & Badioze Zaman, 2009; Sin & Zaman, 2010; Soga, Matsui, Takaseki, & Tokoi, 2008; Tian, Endo, Urata, Mouri, & Yasuda, 2013; Tian et al., 2014; Yen et al., 2013; Zhang et al., 2014) , or interact with celestial bodies (Fleck et al., 2015; Fleck & Simon, 2013; Fleck, Simon, & Christian Bastien, 2014; Medicherla et al., 2010; Shelton & Hedley, 2002; Shelton & Stevens, 2004) , were developed to aid children in learning astronomy subjects. It is known that AR technology provides visualization of subjects and concepts which are hard to understand, and makes them comprehensible (Bujak et al., 2013; Kaufmann & Schmalstieg, 2003; Kerawalla et al., 2006; Shelton & Hedley, 2002; Yoon et al., 2017) . The reason why the misconceptions of students in the experimental group decreased significantly compared with the control group may be the result of the visualization provided by the AR learning material. In the present study, the students had a chance to examine the astronomy subjects, which they cannot directly observe, in a three-dimensional way and from different perspectives through the means of the AR learning material. Therefore, it can be stated that the students had a learning experience which they cannot have in real life. Observing how the astronomy subjects and events occur actually might prevent the formation of new misconceptions and overcome any current misconceptions.
The present study found that there was no difference between the students in the experimental and control groups in terms of their course engagement. This result shows that AR learning material did not have any effect on ensuring the course engagement of students. Furthermore, this result is not consistent with the results of studies reporting that the use of AR increases the course engagement level of students (Abdusselam & Karal, 2012; Bai et al., 2013; Cai, 2013; Delello, 2014; Dunleavy et al., 2009; Yusoff & Dahlan, 2013) . Studies conducted by Cai (2013) and Yusoff and Dahlan (2013) state that attracting attention, which is a feature of AR, positively affects the course engagement of students. In their study, Yusoff and Dahlan (2013) emphasized that using mobile technologies alone may decrease the interaction between students and decrease their course engagement levels. They also stated that AR-supported mobile learning increases both the motivation and course engagement levels of students. Contrary to the abovementioned study, a study conducted by Kerawalla et al. (2006) found that the students who used AR technology were less engaged in the course compared with the students being educated with conventional methods. The students preferred to use the AG application individually. AR technology enables students to learn at their own pace and manner, and supports individualized learning (Bujak et al., 2013) . Moreover, it is also generally known that using technological tools in educational environments decreases the communication and interaction between and among students . The fact that AR learning material did not have any effect on the course engagement of students may result from these factors.
The present study determined the effect of using AR on the achievement, misconception and course engagement of students. The study results showed that AR made positive contributions to the achievement of students, and in reducing the misconceptions of students; however, it did not affect their course engagement. With reference to this result, it can be stated that AR technology is an effective tool, which can be used in the education of middle school students. Considering the cognitive stages that these students undergo, AR technology may be preferred in teaching, particularly teaching abstract concepts. However, future studies to test the effect of AR on different sample levels can be made at different sampling levels. The misconceptions and course engagement levels of learners in the study were determined by tests and scales. Instead, studies can be conducted using data collection tools (open-ended questions, drawing, observation, interview, etc.) where richer data can be collected. In future studies, the effect of AR on different variables such as memory, cognitive load, and permanence can be tested.
